Key Points {#d30e230}
==========

Clinical data indicate that the DARPin^®^ platform can yield drug candidates with a safety profile matching that of fully human monoclonal antibodies.Abicipar clinical phase III data indicate that the drug candidate has the potential to reduce the need for frequent injections in ophthalmic diseases.Several multifunctional DARPin^®^ drug candidates are in clinical and preclinical development, all taking advantage of the DARPin^®^ format flexibility to produce effective therapeutics for indications with high medical need.Most recently, the DARPin^®^ platform was used to generate extremely potent viral entry inhibitors against the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the context of the worldwide coronavirus 2019 (COVID-19) pandemic in just a matter of weeks, illustrating the advantages of the DARPin^®^ platform when it comes to very rapid generation of drug candidates.

The Origin {#Sec1}
==========

Building on Antibody Know How {#Sec2}
-----------------------------

Monoclonal antibodies \[[@CR1], [@CR2]\] have contributed significantly to the progress of effective therapies thanks to their high affinity, high specificity, and long half-life. In the search to push the boundaries of antibody applications, novel protein engineering methods have been explored \[[@CR3]--[@CR5]\] and awarded with the 2018 Nobel Prize. These methods avoid immunizing animals and thus allow thinking beyond the immunoglobulin fold as a therapeutic modality and hence were key for the generation of nonimmunoglobulin-binding proteins, also referred to as alternative scaffolds \[[@CR6]\]. Table [1](#Tab1){ref-type="table"} lists a few distinguishing properties of the immunoglobulin and the DARPin^®^ architecture. Designed ankyrin repeat proteins are one example of such a scaffold. The initial work on designed ankyrin repeat molecules was performed by Prof. Andreas Plückthun and colleagues at the University of Zürich, Switzerland. Subsequently, the team elaborating the technology founded the company Molecular Partners to commercialize the DARPin^®^ platform. The following sections describe (1) the DARPin^®^ platform and (2) the process of transforming the platform from an academic concept into a commercial drug pipeline.Table 1Comparison of monoclonal antibodies and a DARPin^®^ candidateClassical IgGMP0250 DARPin^®^ drug candidateMolecular weight (kDa)15062Number of polypeptide chains41Disulfide bondsYesNoEffector functionYesNoEngineered target specificities13Binding modeFlexible loopsRigid secondary structure elementsHalf-life extensionFcSerum albumin bindingProduction inMammalian cells*Escherichia coliIgG* immunoglobulin G

DARPin^®^ Platform {#Sec3}
------------------

Designed ankyrin repeat domains (see Fig. [1](#Fig1){ref-type="fig"}) are based on naturally occurring ankyrin repeat domains \[[@CR7], [@CR8]\]. These domains occur in various phylae at high abundance \[[@CR9]\]. In humans, for example, 145 genes encode a total of 404 ankyrin repeat domains \[[@CR10]\]. It is particularly interesting that, in nature, ankyrin repeat domains often occur in the context of multifunctional proteins, i.e., proteins having, for example, multiple ankyrin repeat domains or ankyrin repeat domains combined with other protein domains. This inspired us to test them as a basis for a therapeutic platform.Fig. 1Representations of a single designed ankyrin repeat domain and a multidomain DARPin^®^ drug candidate. **a** Ribbon representation of an ankyrin repeat domain (PDB ID: 1MJ0) consisting of five repeats, with randomized interaction colored in orange and a transparent surface superimposed. **b** Molecular model of MP0250, a DARPin^®^ drug candidate consisting of four DARPin^®^ domains (molecular weight approximately 62 kDa). The scaffold is dark blue, and the potential target interaction residues of the individual domains are orange (human serum albumin \[HSA\]), cyan (hepatocyte growth factor \[HGF\]), and red (vascular endothelial growth factor \[VEGF\])

Through a consensus design approach, designed ankyrin repeat domains were created based on naturally occurring ankyrin repeat domains \[[@CR7], [@CR8], [@CR11]\]. The ankyrin repeat fold appears to be particularly stable, in terms of thermodynamic, thermal, and storage stability, which is an ideal basis for its use as a scaffold \[[@CR7], [@CR8], [@CR12], [@CR13]\]. This stability is also a good starting point to generate multispecific proteins, where often the weakest part determines the overall stability. Single designed ankyrin repeat domains as well as multidomain DARPin^®^ drug candidates can be expressed at high levels, for example 1 g/L in simple shake-flask expression or 15 g/L in high-cell-density fermentation, in soluble form in *Escherichia coli* \[[@CR13]\]. A high solubility is a further interesting feature of the fold \[[@CR13]\], especially when it comes to high-concentration applications such as subcutaneous or intravitreal applications.

Very large and diverse ribosome display libraries of designed ankyrin repeat domains (theoretical diversity of 5.2 × 10^15^ for a four-repeat construct) \[[@CR7]\] have been generated and successfully used for the generation of high-affinity DARPin^®^ binding proteins \[[@CR14], [@CR15]\]. Affinities in the picomolar range are routinely achieved for single-domain monospecific binders \[[@CR13], [@CR16], [@CR17]\], which typically exhibit excellent target specificity. The libraries are amenable to use with different selection systems such as ribosome display \[[@CR14]\], phage display \[[@CR18]\], or yeast-surface display \[[@CR19]\]. The favorable biophysical properties observed for the scaffold typically are not compromised by the selections. Natural ankyrin repeat domains rely on a rigid scaffold with a clearly defined secondary structure on which specified surface amino acids interact with the target \[[@CR7], [@CR8]\]. To visualize the mode of interaction of selected DARPin^®^ molecules, a number of co-crystal structures were determined, demonstrating that the high affinity and high specificity achieved is indeed a result of the very rigid scaffold of the ankyrin repeat domain fold, emphasizing that the scaffold is an excellent starting point for drug development. Another interesting feature of DARPin^®^ molecules is that they can also be used to detect or even freeze very specific conformations of targets \[[@CR20]--[@CR22]\]. The strength of the DARPin^®^ platform compared with antibodies and other similar approaches has been reviewed in detail \[[@CR6], [@CR15], [@CR23], [@CR24]\]. Additional applications of the DARPin^®^ platform than those mentioned in the following have been summarized elsewhere \[[@CR15]\]; this review focuses on how the DARPin^®^ platform was used as a basis for building the drug pipeline of Molecular Partners.

Evolving an Academic Platform into a Commercial Drug Pipeline Engine {#Sec4}
====================================================================

Strategic Aspects {#Sec5}
-----------------

Molecular Partners was incorporated in 2004 in Zürich, Switzerland, and received a worldwide exclusive license from the University of Zürich to the DARPin^®^ technology with the vision to help patients by developing therapeutic DARPin^®^ drugs. Since the DARPin^®^ platform can, in principle, be used to generate proteins for various applications, including therapeutic molecules, the first decision needed was to set the focus of the company. By analyzing similar companies and talking to experts in various fields, it became clear that the requirements for becoming a successful reagent company versus a diagnostic company or a therapeutic company were too different to be pursued under one roof. The choice to develop DARPin^®^ drugs was based on the ambition that the platform could yield drug candidates beyond what was known at the time.

The second big decision was where to focus within the medical therapy space. This was approached systematically by assessing opportunities and risks considering different aspects: platform validation, molecular complexity of the drug to be developed, pharmacology, status of the medical field, and potential market need/value. Since the DARPin^®^ platform was untested in the clinic, the most important initial focus was on the platform itself during the first program while following a rather established path in terms of biological and medical challenges. Another important consideration was that the program should allow building of a sustainable company in parallel with all the necessary discovery, manufacturing, preclinical, and clinical development capabilities. At the time, a program fulfilling these requirements was regarded as a first-horizon program, and abicipar is the result (Fig. [2](#Fig2){ref-type="fig"}). It was postulated that once a first clinical validation of the first-horizon program was achieved, the risk profile could be expanded for second-horizon programs. With minimal biology resources available, such a second-horizon program would comprise an increased complexity of the molecule, while not taking too high risks in terms of pharmacology, i.e., work in phase II clinically validated pathways. In other words, a second-horizon program should be a multidomain multifunctional drug candidate, a format often seen in natural ankyrin repeat proteins and perceived to be a potentially key strength of the DARPin^®^ technology. MP0250 and MP0274 are examples of such programs. The third-horizon programs would comprise multifunctional molecules active in new biology. Figure [2](#Fig2){ref-type="fig"} illustrates the three-horizon strategy and its drug candidates per horizon.Fig. 2A schematic overview of all development-stage DARPin^®^ drug candidates depicted on the two dimensions "degree of novel biology" vs. "degree of novel drug concept" on the drug development programs in the context of the three-horizon strategy of Molecular Partners. A first-horizon program such as abicipar is built on known biology and takes advantage of the favorable DARPin^®^ drug properties for the generation of a "biobetter compound." Second-horizon programs such as MP0250 and MP0274 are based on biology that has been validated in third-party phase II clinical trials; at the same time, they are multidomain drug candidates, a key strength of the DARPin^®^ platform. In third-horizon programs, biology may be less validated and novel drug concepts may be applied, as illustrated by MP0310 (see Fig. [5](#Fig5){ref-type="fig"}) and MP0317

Abicipar {#Sec6}
--------

The success of both the monoclonal antibody bevacizumab in oncology and the Fab ranibizumab \[[@CR25]\] in wet age-related macular degeneration (AMD) suggested vascular endothelial growth factor A (VEGF-A) to be a prime target candidate, in 2007, for generating the first therapeutic DARPin^®^ drug candidate. The choice for ophthalmology was driven by two opportunities perceived at the time: first, a clear medical need expressed by physicians for a drug that allowed less frequent patient dosing and, second, an ideal match to the concept of a first-horizon program.

Three properties were identified as essential for the drug candidate to achieve the goal of less frequent dosing than ranibizumab (Fig. [3](#Fig3){ref-type="fig"}): (1) more potent inhibition of VEGF, enabling activity even at very low levels of drug in the eye (i.e., very high affinity); (2) high aqueous solubility and stability to allow delivery of a high dose into the vitreous, prolonging the time until clearance to nonpharmacologically active levels; and, perhaps most importantly, (3) a prolonged ocular half-life giving a longer residence time at relevant drug concentrations.Fig. 3Schematic illustration of duration of action engineering of abicipar. Drug concentration of abicipar (black line) and ranibizumab (gray line) are shown over time. Assuming reference ranibizumab is administered 50 μl/0.5 mg intravitreally, and the drug has a half-life in the 1.5 ml rabbit eye of 3 days and an inhibition constant IC~50~ of about 100 pM, then the drug would stop being efficacious when reaching a concentration equivalent to the IC~50~, i.e. duration of action of about 48 days. Three aspects help increase the duration of action of abicipar: (I) improving the potency to lower values in combination with high drug stability ensure that the drug is also active at very low amounts; (II) engineering the half-life as such, requiring high drug stability; (III) applying higher doses. Assuming abicipar exhibits an IC~50~ of about 25 pM \[[@CR26]\], has an ocular half-life of 6 days in the rabbit eye, and that it can be applied at about 5.5 times the molar amounts of ranibizumab, then it would take 124 days (4 months) for the vitreal concentration of abicipar reaches the IC~50~ concentration of 25 pM

The DARPin^®^ platform allowed the rapid selection of high-affinity VEGF-A binders \[[@CR16]\]: the final drug candidate has an affinity of approximately 394 fM to VEGF-A165, measured by kinetic exclusion assays (KinExA) and a potency of approximately 24.8 pM in a VEGF-A165--induced calcium mobilization assay \[[@CR26]\]. The molecular weight of abicipar (34 kDa) is slightly smaller than that of ranibizumab (48 kDa) \[[@CR27]\] and significantly smaller than that of bevacizumab (149 kDa) \[[@CR27]\] or aflibercept (115 kDa) \[[@CR27]\]. The biophysical properties of the VEGF-binding DARPin^®^ molecule allowed the generation of a high-concentration formulation that enabled dosing at 1 or 2 mg \[[@CR28]\], which is about 2.8 and 5.5 times higher in molar equivalents, respectively, than the 0.5 mg dose for ranibizumab. PEGylation of the VEGF-binding DARPin^®^ molecule produced the drug candidate MP0112 with an ocular half-life in rabbit of 6.6 days, almost double that of ranibizumab (3.5 days) \[[@CR29]\] and maintained high potency. Based on a simple mathematical model, these parameters supported the possibility that dosing humans once every 12 weeks (q12w) should provide continuous, complete VEGF inhibition \[[@CR29], [@CR30]\].

MP0112 was first tested in two open-label multicenter dose-escalation phase I/IIa clinical trials, one for the treatment of wet AMD (NCT01086761) \[[@CR31]\] and one for the treatment of diabetic macular edema (DME; NCT01042678) \[[@CR32]\]. Signs of efficacy were seen in terms of both best-corrected visual acuity and reduction of central retinal thickness. The ocular half-life of MP0112 in patients was determined to be about 2 weeks \[[@CR32]\]. On the basis of these phase I/IIa data, the compound was partnered with Allergan and renamed abicipar (AGN 150,998).

Abicipar was tested in phase II trials in wet AMD (NCT01397409; REACH) \[[@CR28]\] and in DME (NCT02186119; PALM), and the findings suggested that abicipar 2 mg every 8 weeks or q12w was likely to result in a treatment efficacy noninferior to ranibizumab administered every 4 weeks (q4w).

Based on the data of the REACH trial, two phase III studies in wet AMD were performed (CEDAR \[NCT02462928\] and SEQUOIA \[NCT02462486\]), and both have met their primary efficacy endpoints, with the 2-year results showing that \> 90% of patients dosed at 12-week intervals experienced visual benefits similar to those receiving ranibizumab q4w, thus reducing the treatment burden by 60% \[[@CR33]\]. In summary, the phase III data indicate that abicipar has the potential to be the first drug allowing convenient and fixed once-per-quarter dosing without reassessing patients in between. Marketing authorization applications are currently under review in both the USA and Europe.

MP0250 {#Sec7}
------

With the first clinical data of MP0112, and thus for the DARPin^®^ platform, showing efficacy and safety in humans following local (intravitreal) dosing, it was decided that a second-horizon program involving systemic administration could be moved into clinical testing. The selection of the clinical indication and the target for a DARPin^®^ drug candidate was based on preclinical studies and evaluation of the feasibility to meet an unmet medical need. DARPin^®^ molecules targeting cytokines, growth factors, and receptors were investigated in preclinical studies in a range of potential clinical indications, with oncology eventually chosen as the strategic focus for building the Molecular Partners' pipeline.

As a first systemic administration program and as extension to the expertise built with MP0112, the second drug candidate was created to bind and neutralize two soluble growth factors, VEGF-A and hepatocyte growth factor (HGF \[[@CR34]\]) the ligand of cMET \[[@CR35]\]. At the time, blocking the VEGF receptor (VEGFR)-2 pathway in mouse xenograft models had been shown to increase invasion and metastasis and upregulate the cMET pathway, and concurrent blocking of both the VEGFR-2 and cMET pathways reduced the invasion and metastasis \[[@CR36]\]. Also, promising early clinical data were available for cMET pathway inhibitor antibodies \[[@CR37]\] (however, these antibodies later failed to show efficiency in phase III clinical trials \[[@CR38]\]). Thus, dual inhibition appeared to offer a means of countering the frequently encountered failure of single-agent VEGF inhibition to maintain control of tumor growth.

The dual inhibitor of VEGF-A and HGF was named MP0250; the generation and characterization of MP0250 has been described in detail \[[@CR13], [@CR39]\]. In brief, antitumor activity was demonstrated in VEGF- and HGF-dependent xenograft and syngeneic models with activity superior to that of individual VEGF- and HGF-blocking DARPin^®^ molecules. Combination therapy studies showed potentiation of the antitumor activity of chemotherapy and immunotherapy agents. Of note, in addition to the DARPin^®^ domains binding VEGF-A and HGF, MP0250 contains two further DARPin^®^ domains that bind to serum albumin to extend the plasma half-life of the molecule. A two-domain DARPin^®^ molecule would have a size of approximately 30 kDa and thus would be rapidly cleared by kidney filtration. The addition of albumin-binding activity overcomes this and extends the half-life to be in the range of that of serum albumin \[[@CR13]\]: a half-life of 2--3 weeks was predicted in humans \[[@CR18]\], indicating the potential for dosing every 2--4 weeks. During the preclinical testing of MP0250, the addition of the second human serum albumin (HSA) binding DARPin^®^ domain was explored and increased the observed half-life. Thus, MP0250 comprises a total of four designed ankyrin repeat domains that can bind VEGF-A, HGF, and albumin simultaneously \[[@CR13]\]. Importantly, VEGF, HGF, and albumin are bound with low-picomolar half-maximal effect (EC~50~) or half-maximal inhibition (IC~50~) and with cellular potencies of mid-pM for both VEGF and HGF \[[@CR13], [@CR39]\]. MP0250 was tested in various mouse xenograft models and exhibited strong efficacy as monotherapy and in combination with standard-of-care drugs \[[@CR39]\].

In addition to attempting to improve cancer treatment, a key objective for the MP0250 program was to further assess the safety and tolerability of the DARPin^®^ platform in humans. MP0250 was the first DARPin^®^ molecule dosed intravenously, the first with the serum albumin half-life extension, and the first multidomain DARPin^®^ drug candidate. The phase I outcome of MP0250 in patients with cancer (NCT02194426) was thus key for the drug itself and, at the same time, pivotal for the company's strategic direction, including further pipeline building. Initial results of the study are available \[[@CR40]--[@CR42]\]. A total of 45 patients with various advanced cancer indications were treated with doses ranging from 0.5 to 12 mg/kg either every 2 weeks (q2w) or every 3 weeks (q3w). MP0250 was well-tolerated, with most adverse events---for instance hypertension and proteinuria---consistent with inhibition of the VEGF pathway. The maximum tolerated dose/recommended dose was 8 mg/kg q2w or 12 mg/kg q3w. Exposure was dose proportional and sustained throughout the dosing period for all patients (up to 15 months). The half-life was about 2 weeks. Signs of single-agent antitumor activity were observed: one partial response and 25 patients with stable disease, with the longest duration of 65 weeks and a median duration of about 10 weeks, indicating that MP0250 has some potential as a monotherapy. Figure [4](#Fig4){ref-type="fig"} shows the duration of treatment for all patients. These findings indicated that MP0250, and thus the multidomain DARPin^®^ platform as such, can have a safety profile comparable to monoclonal antibodies such as, for example, bevacizumab \[[@CR43]\].Fig. 4Duration of treatment of patients with MP0250 in phase I clinical trial NCT02194426. The weeks of treatment are shown for every patient of the trial, and patients are grouped in the different cohorts. Graphadapted from Azaro et al. \[[@CR40]\]. *q2w* every 2 weeks, *q3w* every 3 weeks

Following the positive phase I data, a phase II study of MP0250 in combination with bortezomib is in progress: This trial was initiated based on preclinical studies with a multiple myeloma model showing that MP0250 enhanced the activity of the standard-of-care drug bortezomib \[[@CR44]\] and on the finding that MP0250 had a profound effect on cell signaling in bone marrow isolates from patients with multiple myeloma \[[@CR45]\]. In addition, published analyses of biopsies from patients with multiple myeloma indicated that both the VEGF and the HGF pathways are key in multiple myeloma \[[@CR46]--[@CR51]\]. The phase II trial is evaluating the combination of MP0250 with bortezomib and dexamethasone for the treatment of patients with refractory and relapsed multiple myeloma who experienced resistance to bortezomib/dexamethasone treatment as the most recent treatment (NCT03136653) \[[@CR52], [@CR53]\]. Interim results of this trial were recently presented \[[@CR54]\] and confirmed the initial observations: 9 of the 20 patients treated and evaluated at the cut-off date reached an objective response. More importantly, several patients who were refractory (i.e., had never responded) to proteasome inhibitor treatment derived clinical benefit or responded upon addition of MP0250, confirming that dual VEGF/HGF inhibition can help these patients.

In summary, clinical data generated to date support further development of MP0250 as they have shown antitumor activity and an acceptable safety and pharmacokinetic profile. The current working hypothesis is that VEGF and HGF are key factors in the maintenance of the tumor microenvironment and thus the support for the proliferation and survival of tumor cells. In this case, inhibition of the growth factors breaks this support and results in inhibition of tumor growth, particularly if the tumor cells are concomitantly damaged by standard-of-care treatments. Such a mechanism may well apply to both untreated tumors and those that have developed drug resistance; in both cases, the microenvironment has developed to give appropriate support to the tumor cells.

MP0274 {#Sec8}
------

In parallel to developing MP0250, another second-horizon program was pursued with the aim of further expanding the range of DARPin^®^ drug applications. While MP0250 is directed to soluble targets, MP0274 binds to a cell surface receptor, human epidermal growth factor receptor (HER)-2 (ErbB2, neu) \[[@CR55]\], a target well-known to be overexpressed in breast and other cancer types \[[@CR56]\]. With drugs such as trastuzumab, pertuzumab, and T-DM1, good antibody therapies are available to target HER2 \[[@CR57]\]. However, MP0274 has a different mechanism of action: it contains two DARPin^®^ domains that bind to different domains of HER2, i.e., the compound is bi-paratopic. This bi-paratopic binding induces rapid internalization of HER2 and subsequently induces apoptotic killing of a variety of cell lines expressing HER2 at IHC3+ to IHC1+ levels. In multiple in vivo models, MP0274 showed antitumor activity similar or superior to that of trastuzumab and efficacy equivalent to that with the combination of both approved drugs trastuzumab and pertuzumab. While several investigators have shown that the dominant antitumor mechanism of the monoclonal antibodies in mice is antibody-dependent cellular cytotoxicity/phagocytosis, MP0274 lacks effector functions and acts solely through profound inhibition of HER2 signaling. This different antitumor mechanism of MP0274 constitutes a novel and promising approach to directly kill HER2-addicted tumor cells and provide additional clinical benefit alone or in combination to patients with HER2-positive cancers \[[@CR58]\]. MP0274 is currently in a phase I clinical trial (NCT03084926) to determine the safety profile and a recommended phase II dose \[[@CR58]\]. In addition to the two HER2-binding DARPin^®^ domains, MP0274 has two serum albumin-binding DARPin^®^ domains that confer a long systemic terminal half-life, similar to that observed for MP0250.

MP0310 (AMG 506) {#Sec9}
----------------

With the first phase I safety data for the systemic application of MP0250 available, we decided to use the multidomain DARPin^®^ platform for systemic application in an even broader approach and start to tackle novel biology within oncology, the third horizon. The rationale for MP0310 was based on the assumption that the therapeutic window of a drug can be increased by building in an activation mechanism that allows the drug to move from a less active to a very active form. MP0310 was thus designed to overcome limitations of the 4-1BB agonistic immune-modulatory antibody-based drugs currently being developed \[[@CR59]\]. Such antibodies activate T cells, not only as intended in the tumor environment but also systemically \[[@CR60]\], hence associating promising efficacy with significant toxicity (Fig. [5](#Fig5){ref-type="fig"}). In contrast, MP0310 is a drug candidate with preclinical evidence that efficacy can be uncoupled from toxicity, ultimately leading to a larger therapeutic window. To achieve this, MP0310 combines tumor-restricted fibroblast-activating protein (FAP) binding and 4-1BB agonism in one molecule, similar to an approach that has been presented elsewhere \[[@CR61]\]. The 4-1BB agonism of MP0310 relies on "clustering," that is, T cells are activated only when 4-1BB molecules on T cells are brought together in a high local density, i.e., clustered \[[@CR62]\] (Fig. [5](#Fig5){ref-type="fig"}). As long as there is no moiety leading to clustering in the rest of the body, clustering can be exclusively induced by clustering on FAP-overexpressing tissues. Many tumor-associated fibroblasts over-express FAP, whereas expression in healthy tissue is limited \[[@CR63]\]. MP0310 is thus expected to preferentially activate T cells in the tumor microenvironment. A detailed mouse study evaluated dosing aspects of the compound \[[@CR64]\] to initiate formal preclinical and clinical development. The first patient was dosed in October 2019. The development of MP0310 (AMG 506) is being conducted in a collaboration between Molecular Partners and Amgen.Fig. 5Schematic representation of the differentiation of localized immune cell modulator MP0310 from classical immune cell modulators. Antibodies activating immune cells via 4-1BB typically activate immune cells in the tumor as well as in healthy tissue, leading to promising efficacy linked to a problematic toxicology profile. MP0310 binds to fibroblast-activating protein (blue dots) on tumor-associated fibroblast and clusters, providing an opportunity for immune cell activation. In healthy tissue, with a lack of opportunity to cluster, immune cells are not modulated by MP0310. *mAb* monoclonal antibody

The same principle of targeted activation or also targeted inhibition could be envisaged for other targeting/effector combinations. Indeed, a number of targeting moieties (fibronectin extracellular domain B, epidermal growth factor receptor, FAP, and HER2) and immune activator/inhibitor moieties (cluster of differentiation CD40, CD134, CD137) have been tested \[[@CR65]\]. The combination of FAP targeting with CD40 agonism \[[@CR66]\] is currently being pursued further toward the clinic with a DARPin^®^ molecule called MP0317.

Broadening the Application of DARPin^®^ Drugs {#Sec10}
---------------------------------------------

With the clinical validation by abicipar and MP0250 and the initiation of the MP0310 and MP0317 third-horizon programs, the DARPin^®^ platform is now poised to unfold its full potential. Although the current focus of Molecular Partners is the development of multifunctional biologics in (immuno-) oncology, the technology allows for the generation of biologics in many more indications. In particular, it could be used in transforming applications beyond classical biologics, including viral (gene) therapy \[[@CR67]--[@CR70]\], chimeric antigen receptor T-cell (CAR-T) approaches \[[@CR71], [@CR72]\], or intracellular inhibition \[[@CR73]\]. The approach Molecular Partners is taking to enable the broader use of the DARPin^®^ platform is to establish multiple strategic research alliances. Such alliances are exemplified by a research alliance with Allergan in ophthalmology beyond abicipar and various other research collaborations. Nevertheless, Molecular Partners is prepared to be opportunistic if a suitable opportunity arises. This is exemplified by the decision in early 2020 to rapidly implement the expertise built up over the preceding years to initiate an effort to generate multispecific DARPin^®^ molecules to inhibit the infectivity of the severe acute respiratory syndrome coronavirus 2 \[[@CR74]\]. Key advantages of the DARPin^®^ technology for rapid development of a potential drug in this indication are the speed at which high-affinity molecules can be generated, the geometric flexibility matching the target protein, and the relative ease of manufacturing to rapidly provide batches at sufficient scale for multinational treatment of the disease \[[@CR75]\].

Conclusions {#Sec11}
===========

Molecular Partners set out to help patients by developing novel drugs using the DARPin^®^ platform. Several factors contributed to the progress of the platform and the growth of the company. Technically, the favorable properties of the DARPin^®^ drug platform enabled the generation of highly potent drug candidates in ophthalmology and oncology. The versatility of the platform further enabled the generation of abicipar as a differentiated treatment option for wet AMD and potentially other retinal diseases. It also enabled the generation of MP0250, the favorable safety profile of which is comparable to the profile of monoclonal antibodies, suggesting that the platform as such is safe. MP0250 has also shown initial encouraging response data in patients with multiple myeloma.

The approach chosen by Molecular Partners to build the company around a few indications in a sustainable way enabled step-by-step building of the expertise needed for further growth. Alongside continuing to build low- and mid-risk approaches, Molecular Partners can now also start exploring compounds that tackle novel biology or known biology in novel ways. The versatility of the platform is attractive for use in indications beyond oncology, which is generally being explored via partnerships.

All current and former employees of Molecular Partners are acknowledged for their dedication for bringing innovative therapeutics to patients. DARPin^®^ is a registered trademark owned by Molecular Partners AG.

No sources of funding were used for the preparation of this manuscript.

MTS and KMD are employees and shareholders, and HKB is shareholder of, Molecular Partners AG, commercializing the DARPin^®^ Technology.
